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Abstract

Background: Acute ischemic stroke (AIS) is a devastating disease, and intravenous
thrombolysis is the gold-standard treatment. Shortening the pre-hospital delay and
optimizing the in-hospital process are important for improving the stroke survival
rate. This study aimed to investigate the influence of coordinated stroke centers and
regional stroke networks on the clinical efficacy of intravenous thrombolysis for AIS
patients.

Methods: This retrospective study enrolled 93 patients with AIS from January 2019
to December 2020. Patients referred by the coordinated system were included in
group A(n=43) and patients admitted to the hospital on their own were included in
group B(n=50). Patients’ information about duration from onset to needle time (ONT)
and duration from door to needle time (DNT)were analyzed. The neurological
functions were evaluated using the National Institute of Health stroke scale (NIHSS)
and the modified Rankin Scale (mRS).

Results: There was no significant difference in gender, age, education level, or
cerebrovascular disease-related risk factors between the two groups (all P>0.05). The
ONT and DNT in group A were significantly lower than those in group B (P=0.026
for ONT; P=0.000 for DNT). A favorable prognosis was achieved in 34 patients
(79.1%) and 21 patients (42.0%) in both group A and group B. The percentage of
favorable prognosis in group A was significantly higher than that in group B
(P=0.013). In group A, the NIHSS scores were significantly reduced after 30-day and
90-day intravenous thrombolysis (P=0.000). In group B, the NIHSS scores remained
unchanged after 30-day intravenous thrombolysis (P=0.096), while they were
significantly reduced after 90-day intravenous thrombolysis (P=0.000). After 30-day
and 90-day intravenous thrombolysis, the NIHSS scores in group A were both lower
than those in group B (P=0.001).

Conclusion: A coordinated stroke center and regional stroke network can
significantly increase the efficacy of intravenous thrombolysis for AIS, shorten the
pre-hospital delay time, and improve clinical prognosis.
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Introduction

Stroke is a devastating disease, which is characterized by high mortality and disability
as well as an increased risk of recurrence. Stroke is the second leading cause of death
behind only cancer, and 75% of patients develop varying degrees of disability, which
causes an enormous socio-economic burden[1]. According to a recent epidemiological
investigation, more than 10 million Chinese are living with stroke, with 2.4 million
new cases annually[2]. Acute ischemic stroke (AIS) is the most common type of
stroke and accounts for approximately 70% of all strokes[1, 3]. Shortening the pre-
hospital delay and optimizing the in-hospital process are key points for improving the
stroke survival rate[4, 5]. Therefore, in recent years, China has made great efforts to
establish regional stroke centers, on the basis that a coordinated system combining the
pre-hospital first-aid scheduling system and the regional stroke network may
effectively reduce the rate of disability and improve the patient’s quality of life[6-8].
Currently, intravenous thrombolysis is the mainstay of treatment for AIS. According
to worldwide guidelines, recombinant tissue plasminogen activator (rt-PA) is the
recommended first line of treatment[9]. Cumulative clinical evidence has shown that
intravenous thrombolysis with rt-PA can improve the clinical prognosis of AIS and
reduce disability and mortality[10, 11]. However, there is a strict time window for the
administration of thrombolytic agents. Due to the underdeveloped stroke rescue
system and primary care service in China, only about 20% of all patients with AIS
arrive at an emergency room within 3 hours after onset, and only 2.4% receive
thrombolytic therapy[12]. Therefore, shortening the pre-hospital delay is the most
important issue for improving the prognosis of AIS.

We have established a coordinated stroke center (Nansha Central Hospital) and
regional stroke network (including 11 neighboring hospitals and an emergency
medical rescue command center) since December 2017, and this study aimed to
investigate whether this combined system improved the clinical efficacy of

intravenous thrombolysis for AIS.

Materials and Methods

Patients

This retrospective study enrolled 93 patients with AIS between January 2019 and
December 2020. The patients were grouped by different ways of coming to the
hospital: patients referred by a regional medical consortium (Group A; n=43) and

patients admitted to the hospital on their own (Group B; n=50). All patients included



in this study meet the international diagnostic criteria for acute ischemic stroke[13,
14], and all of the patients enrolled received intravenous thrombolysis treatment. The
inclusion criteria are as follow: 1) a definitive diagnosis of AIS; 2) age > 18 years; 3)
duration of neurological deficits caused by AIS < 4.5 hours. The exclusion criteria
include: 1) history of trauma or stroke within 3 months before admission; 2) head
computed tomography (CT) showing any multi-lobe infarction, intracranial
hemorrhage, intracranial tumor, vascular malformation or aneurysm; 3) a tendency of
active hemorrhaging; or 4) blood glucose level > 2.7 mmol/L. Written informed
consent was obtained from each patient or his/her relatives.

Coordinated Stroke Center and Regional Stroke Network

With the support of the district government and health administrative departments, the
coordinated "Nansha Stroke Network Alliance" was established with Nansha Central
Hospital as the core stroke center. This coordinated stroke system included an internet
platform, an emergency medical rescue command center, a stroke telephone hotline,
and 11 neighboring hospitals. The clinicians in this system provided 24h/7d inter-
hospital consultation and offered remote medical evaluations for potential stroke
patients who may have needed intravenous thrombolysis. For stroke patients who met
the criteria for intravenous thrombolysis, an emergency referral to the Nansha Central
Hospital Stroke Center was executed via a green channel. During this pre-hospital
referral period, the specialist evaluation was performed, and head CT and laboratory
tests were scheduled. Additionally, the Stroke Network Alliance also provided health

education for stroke prevention and treatment for residents in the covered regions.

Intravenous thrombolysis

Intravenous thrombolysis was performed using an rt-PA agent (Actilyse; Boehringer
Ingelheim, Biberach, Germany) with a dosage of 0.9 mg/kg (maximal dosage, 90 mg).
Approximately 10% of the total dosage was injected intravenously within 1 minute,
and the remaining 90% was continuously pumped intravenously for 1 hour[15].
Clinical characteristics and prognosis assessment

The duration from onset to needle time (ONT) and duration from door to needle time
(DNT) were documented. A patient’s neurological functions were evaluated using the
National Institute of Health stroke scale (NIHSS) and the modified Rankin Scale
(mRS)[16]. The neurological evaluation was performed before intravenous
thrombolysis, on discharge, 30 days after discharge, and 90 days after discharge. The

30-day and 90-day outcomes were defined as favorable prognosis when the mRS



score < 3 points, and poor prognosis when the mRS score > 3 points[17].

Statistical Analysis

SPSS 25.0 software (IBM Corp., Armonk, NY, USA) was used for statistical analyses.
The continuous variables with a normal distribution are presented as mean + standard
deviation (SD) and were compared using an independent sample #-test. The
continuous variables with a non-normal distribution are presented as median (P25,
P75) and were compared using a Wilcoxon rank sum test. The categorical variables
were compared using a Chi-square test. Probability (p) values <0.05 were considered
significant. The study was approved by the Ethics Committee of Guangzhou First

People’s Hospital. Written informed consent was obtained from each participant.

Results

Demographic and Clinical Characteristics

The detailed demographic and clinical profiles are summarized in Table 1. There was
no significant difference in gender, age, education level, or cerebrovascular disease-
related risk factors between the two groups (all P>0.05).

The ONT and DNT in the A group were significantly lower than those in the B group
(P=0.026 for ONT; P=0.000 for DNT). Detailed data are presented in Table 2.

A favorable prognosis was achieved in 34 patients (79.1%) and 21 patients (42.0%) in
the A and B groups, respectively. The percentage of favorable prognosis in the A
group was significantly higher than that in the B group (P=0.013). Therefore, a
shorter ONT might indicate a better prognosis. Detailed data are presented in Table 3.
On admission, there were no significant differences in the mRS (P=0.472) and NIHSS
(P=0.535) scores between the A and B groups (Table 4). In the A group, the mRS and
NIHSS scores were significantly reduced after 30-day and 90-day intravenous
thrombolysis (all P=0.000). In the B group, the mRS and NIHSS scores remained
unchanged after 30-day intravenous thrombolysis (P=0.145 for mRS; P=0.096 for
NIHSS), while they were significantly reduced after 90-day intravenous thrombolysis
(both P=0.000). After 30-day and 90-day intravenous thrombolysis, the mRS and
NIHSS scores in the A group were all lower than those in the B group (all P<0.05).

Discussion
Nansha District has a resident population of about 820,000, with a total area of 783.86

square kilometers. Before August 2016, no hospital in the Nansha District could



provide intravenous thrombolysis treatment for patients with AIS. Due to the remote
geographical location of the Nansha District, referral to a higher-level hospital usually
exceeded the required time window for intravenous thrombolysis, and the prognosis
of AIS was extremely poor. The strict time window limit of AIS indicates that the first
aid of stroke should follow the nearest-location principle and that patients with AIS
should be sent to the closest hospital for thrombolysis or endovascular treatment as
soon as possible[18]. The Nansha District has a wide area and uneven levels of stroke
treatment. Therefore, building an efficient regional stroke rescue network and
strengthening intra-regional cooperation is important for improving the AIS survival
rate. Our findings showed that the coordinated system could significantly improve the
efficacy of intravenous thrombolysis. During the 16 months before the establishment
of the Stroke Network Alliance, only 13 cases underwent intravenous thrombolysis in
this area; however, during the 15 months after the establishment of the Stroke
Network Alliance, the number of intravenous thrombolysis treatments tripled. This is
attributed to the early identification of hyperacute AIS by the coordinated network.
Furthermore, the Stroke Network Alliance has made great efforts in the dissemination
of information regarding early identification and treatment of stroke.

Shortening the pre-hospital delay is the most important issue for the treatment of AIS,
as "time is the brain"[19, 20]. As estimated, approximately 2 million neurons may lose
activity per minute before recanalization, and every 15 minutes of the pre-hospital
delay may increase the mortality rate by 5 percent[21]. Additionally, shortening the
pre-hospital delay can effectively lower the risk of hemorrhagic events after
thrombolysis[4, 22]. After the establishment of the coordinated Stroke Network
Alliance, the duration between onset and admission was significantly shortened. On
the one hand, the cooperation among various departments has been improved, and the
green channel in the hospital and the intravenous thrombolysis procedures have been
optimized. On the other hand, the coordinated Stroke Network Alliance significantly
strengthened inter-hospital cooperation[6, 23]. Moreover, this alliance also
concentrated on improving the patients' and their families' understanding of stroke,
which increases the acceptance of intravenous thrombolysis. During transportation to
the hospital, dead time can be used for signing the consent form and the preparation
time for head CT can be shortened as well.

Previous studies have shown that ONT is an important factor associated with the
efficacy of intravenous thrombolysis, and a shorter ONT may indicate a more

favorable prognosis [10, 11, 24]. In the current study, the patients in group A had a



shorter ONT and DNT due to the high-efficiency scheduling of the Stroke Network
Alliance. Additionally, the percentage of patients with favorable prognosis (mRS
score <2) in group A was significantly higher than that group B, indicating that shorter
ONT and DNT were protective factors of clinical prognosis in patients with AIS. The
recurrence rate was 2% in the A group and 5% in group B. The patients in group A
had better compliance, among which 85.2% followed the secondary prevention;
nevertheless, the percentage in the B group was only 70.3%. Moreover, we
interviewed the patients in the two groups regarding their clinical behaviors. In the A
group, 84%, 76%, 51%, and 85% of patients were aware of stroke at onset,
understood stroke symptoms, understood that thrombolytic therapy was available
within the time window, and called the emergency service immediately after onset,
respectively. However, in the B group, the percentages were 59%, 54%, 22%, and
73%, respectively. In summary, the construction of the Stroke Network Alliance is
conducive to regional cooperation and emergency referrals. In addition, the pre-
hospital popularization and education can improve the recognition rate of early stroke.
A large number of clinical trials have confirmed that early treatment with rt-PA
thrombolytic therapy within 4.5h after the onset of AIS can significantly improve
neurological symptoms and long-term prognosis compared with conventional
treatment[25].In the past, only 20%-25% of patients in China were admitted to the
hospital within the thrombolytic time window. Considering the possibility of
intracranial hemorrhage and other complications after thrombolytic therapy, only 2%
of patients agreed to receive thrombolytic therapy, and the thrombolytic rate was far
lower than that in developed countries in Europe and America[12, 26]. Our study
showed that the DNT of intravenous thrombolysis with the assistance of the Stroke
Network Alliance in 2018 and 2019 was 65min and 59min, respectively. In 2018,
more than 58% of all patients achieved a favorable prognosis; In 2019, this percentage
had increased to 70%. Additionally, mRS and NIHSS scores at discharge were
continually decreasing year by year. These data suggest that the stroke network in the
Nansha area plays an irreplaceable role in reducing AIS morbidity and mortality as
well as improving the regional healthcare service. The hospitals within the network
cooperate and share the medical resources in clinical practice and social
popularization, enabling more people to prevent the vascular risk factors of stroke as
early as possible.

Although the Stroke Network Alliance significantly shortened the DNT and ONT of

intravenous thrombolysis in the Nansha area, less than 50% of patients were able to



arrive in the emergency room within 1 hour after the onset of AIS. Overall, there is
still significant room for over-improvement of this system. Specifically, the operating
efficiency of the green channel in hospitals and the general knowledge regarding
identifying and treating AIS can be improved in the future.

Although intravenous thrombolysis with rt-PA remains the gold standard of treatment
for AIS, it has some shortcomings, such as the narrow time window and low
recanalization rate of macrovascular occlusion[27]. Recently, the efficacy and safety
of endovascular therapy for macrovascular occlusive AIS have been proven and have
had a profound impact on global AIS treatment[28]. However, most of the patients in
the above studies received intravascular stent treatment following early intravenous rt-
PA thrombolysis, and the guidelines also recommended active intravenous
thrombolysis for patients with stent indications. Some guidelines recommend
endovascular treatment for AIS caused by macrovascular occlusion in the anterior
circulation. Intravascular stent therapy following intravenous thrombolysis should be
administrated within 4.5 hours after onset[10, 11, 24]. Therefore, intravenous
thrombolysis is the cornerstone of AIS treatment, and endovascular therapy provides a
new opportunity for setting the trends of the future. Previous studies have reported
that the stroke network can shorten the pre-hospital time and increase the
recanalization rate[29, 30]. In our cohort, patients who received intravenous
thrombolysis achieved a favorable prognosis. In the future, the Nansha Stroke
Network will develop endovascular therapy, which may further improve the clinical

prognosis of AIS.

Conclusions

The coordinated stroke center and regional stroke network can significantly increase
the efficacy of intravenous thrombolysis for AIS, shorten the pre-hospital delay time
and hospitalization days, and improve the clinical prognosis. This coordinated stroke
system is also conducive to the rational allocation of medical resources, the reduction
of medical costs, and the improvement of the quality of medical services. However,
there are still some limitations to this approach, and further improvement is

warranted.
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Table 1 Baseline characteristics of Acute ischemic stroke patients

Group A Group B p
Gender(male/female) 25/18 29/21 0.846°
Age(year) 71.1+11.56 70.96+10.62 0.963°
Degree of education 8/16/19 9/18/23 0.933°
(low/middle/high)
Hypertension(%) 68.97% 56% 0.3252
Diabetes(%) 41.38% 44% 0.846 °
CHD(%) 24.14% 20% 0.715°
Alchohol(%) 44.83% 48% 0.816°
Cigaret(%) 41.38% 32% 0.477°2
Dominant hemispherical 58.62% 64% 0.686 °
infarction(%)
carotid plaque(%) 75.86% 80% 0.715°
Hyperhomocysteinemia(%) 58.62% 64% 0.686 °
Glucose before IVT(mmol/l) 9.245.37 9.4745.95 0.715°
Carotid artery stenosis (%) 15.77423 21.61+25 0.357°
Middle cerebral artery stenosis 3216219 32 44493 1.000°
(%)
Stenosis of the anterior cerebral 32 4447 30 5646 0.896°
artery (%)
Vertebrobasilar artery stenosis 0.998°
48.1240.25 47.36140.27
(%)
interventional therapy(%) 8.33% 5.26% 0.999%
EF(%) 73.11#2 75.69+13 0.683°
LDL-C(mmol/l) 3.47+1.05 3.74+0.86 0.3152
HDL-C(mmol/l) 0.9140.33 0.9740.43 0.551°2
TC(mmol/l) 6.5441.11 6.67+1.38 0.715°
TG(mmol/l) 2.5140.82 2.5540.87 0.876°
CRP (mg/l) 9.8143.24 10.1243.12 0.726 2
UA (umol/l) 499.97+107.85 484.92476.34  0.563°
HbA1c(%) 740.01 740.02 0.898°
NIHSS score before admission 21/29 2416 0.967°
(0~5vs. 5-15)
NIHSS score in admission 6.00(2.50,12.0 6.00(3.50,11.0 0.752%

0) 0)




Abbreviations: CHD: Coronary atherosclerotic heart disease; IVT: intravenous
thrombolysis; EF: ejection fraction; LDL-C: Low-density lipoprotein cholesterol;
HDL-C: high-density lipoproteincholesterol; TC: Total cholesterol ; TG: triglyceride;
CRP: C-reactive protein; UA; Uric Acid; HbAlc: Glycosylated hemoglobin;
NIHSS: The National Institutes of Health Stroke Scale

Table 2 Comparision of ONT and DNT between Groups.

Group A Group B t p
DNT(min)  54.0845.05 61.3342.32 -4.090 0.026
ONT(min)  110.2145.09 119.2144.11 -4.950 0.000

Table 3 Evaluation of 90-day mRS between groups.

90-day mRS
Groups - - x2 p
> 3 points < 3 points
Group A 9(21.0) 34(79.0)
6.234 0.013
Group B 29(58.0) 21(42.0)

Table 4 Comparison of NIHSS score after [IVT treatment between groups.

Groups 7d 30d 90d p/ p2
Group
A 3.0(2.3,6.8) 2.0(2.0,3.0) 1.0 (0.3,2.0) 0.000 0.000
Group 4.0 (2.0,

NIHSS score B 8.0) 4.0 (2.0, 5.0) 3.0(1.0,6.0) 0.096 0.000
VA -0.719 -3.177 -2.528

P 0.472 0.001 0.001
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